of K to an order of D (K) . Finally let R be the additive group of all real numbers, P be the multiplicative group of all positive real numbers, R be the additive group of all rational numbers, P be the multiplicative group of all positive rational numbers, and / be the additive group of integers-all with their natural order, (α', α)τr + (6', δ)τr = (α'α, α' /5 + αr) + (6'Λ, δ' iS + 6r) =
(a'a + b'a,f(a'a 9 Va) + (a'β + ar)r{b'a) + b'β + bγ) .
Thus a e A{N') and (1), (2), (3) NON-ABELIAN ORDERED GROUPS 27 are satisfied. For (a' a) in G define (α', a)π = (a'#, α' /3 + αr). Then by straightforward computation it follows that π e jtf For mappings u and v of JV' into N and α' 6 N f we define α' (w-+ v) = α' % + α'v. Then each TΓ e jy has a matrix representation where 0 is the trivial homomorphism of N, into JV', and the mapping of π onto its matrix representation is an isomorphism of j>/ onto a e AN), γ e A(N') 9 β:N'-> N, and (1), (2), (3) are satisfied[ . (a'act, a'aβ + (a'~β + af) One should be careful not to place too many restrictions on G. For A(G) may become trivial (consist of the identity only), de Groot [6] has shown that exist 2 C non-isomorphic archimedean o-groups that admit only the identity automorphism. Suppose that G admits no proper o-automorphism and that N' and N are non-trivial. Then, since an inner automorphism is an o-automorphism, G is abelian. Hence N is in the center of G. Thus in order to construct a non-archimedean o-group that admits only the trivial o-automorphism, it suffices to find non-trivial subgroups N' and iV of R such that neither admit proper o-automorphisms and the only homomorphism of iV' into N is θ. (2) and (3) reduce to (2') rψ) = φ'a), and
Pick an element k e N and define 
herefore β is determined by a'β. 
COROLLARY. If His a non-abelian splitting o-extension of a subgroup of R by a subgroup of R, then A(H) can be ordered.
This is an immediate consequence of the theorem. If JV' = R, then (2') is equivalent to 1 = r(b\a -1)). Hence either r = θ or a = 1. Thus if JV' = R, then this corollary is an immediate consequence of Theorem 3.1. 
Proof. First suppose that G splits. Choose a group H of representatives of G/N, and pick one element (a', a) of H such that r(a f )Φ 1. Let (6', b) be any other element of H. Then since H is abelian,
Note that
Thus H is uniquely determined by (α', α). Conversely suppose that a f e N r and a e N satisfy (a) and (b). Let
Clearly S is a group. By the above computation it follows that (6', b) e S if and only if
Thus for each b f e iV' there is one and only one (6', b) in £. Therefore S is a group of representatives for G/N.
The factor mapping / is symmetric (skew- Rich [13] proved that if N <= R, N' = R and r =£ /?, then G splits. This is a special case of Corollary III. Corollary III can be stated independently of the representation of G as follows: If H is an o-group, C is a convex subgroup of H that is o-isomorphic to the additive group of a subfield of R, and HjC is abelian, then either H is a splitting extension of C or H is a central extension of C.
COROLLARY IV. If there exists an a' e N' such that r(a') = (n + l)jn for some positive integer n, then G splits.
Proof. ll(r(a')-l)^n.
Thus Yamabe [16] and the Neumanns [12] have shown that if N -I, and the cardinality of N' is at most ^Γi, and g is bilinear and satisfies g(x, x) = 0 only if x = 0, then JV' is a free abelian group. Hughes [7] has classified the groups of class 2 in terms of some special bilinear mappings. 
.2. If f is bilinear, then G is a splitting extension of N or G is a central extension of JV.

Proof. For x, y, z in N' we have
A*, v) + A*,
Therefore jT[a?, y) =f(x, y)r(z). Thus either r(z) = 1 or f(x, y) = 0. COROLLARY. // JV ώ abelian (not necessarily a subgroup of R), / is bilinear and f(N', N f ) generates N, then G is a central extension of N.
5 Central extensions and bilinear mappings* Throughout this section assume that N is in the center of G. Thus G is determined by the o-group N', the abelian o-group JV, and the factor mapping /: JV' x N f -+N that satisfies It is easy to verify that if g is a bilinear mapping of N' x N' onto N, then g satisfies (1) and (2) . Moreover, such a g exists if and only if we can choose a representative function r: N r -> G such that
From (2) we have
Thus / is bilinear if it is linear in one variable. b' in N'. For (x, y) and (u, v) 
Then there exists a unique g: D(N') x D(N') -> D(N) that satisfies (3) and such that g(σJ, b
r ) = f{a' y V) for all α',
in H define (x, y) + (u, v) = (x + u, g(x, u) + y + v). (a) H is a central extension of D(N) by D(N f ), and G is a subgroup of H. (b) H is d-closed. (c) For each h in H there exists a positive integer n -n(h) such that nh e G. (d) There exists a unique extension of the ordering of G to an ordering of H. H will be called the d-closure of G.
Proof. f(x, y) -p(x, y) + q(x, y) . Moreover, as in matrix theory, this representation is unique. 
Proof. For each x in N' define t(x) = (-lβ)f{x,x). Then -t(x + y) + t(x) + t(y) + q(x, y) + y,χ + y) -f( Xj x) -f(y, y) + f(χ, y) -f(y, χ)~\ = f(χ, y)
. isomorphism of G onto the multiplicative group 5 = 1^ jLeP and y e R|. The mapping of Γ J onto \ x Λ is an isomorphism of A onto B. Therefore G is isomorphic to A(G). In particular, there exists a nontrivial splitting o-extension of G by G.
We conclude by giving an example of an o-group of rank 2 that is not a central extension nor a splitting extension of its convex subgroup. Let G be the o-group of the last example, and let H be the subgroup of G that is generated by {(α, a) : a e R}. We have (-1, -1) + (1, 1) = (0,1 -e). Thus H has rank 2.
(1, 1) + (0, 1 -e) = (1, 2 -β) Φ (1, e -e 2 + 1) = (0, 1 -e) + (1, 1) .
Thus H is not a central extension. ). e llq is trancendental. Thus (2) is essentially an equality of elements in the simple transcendental field extension R(X) of R. Note that the example on page 526 of [3] is a splitting extension of N by N'; and that {(α', -1): 0 ^ α' e JV'} U {0, 0)} is a group of representatives.
